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A summary of the broadscale tropical circulation from May to October 1990 in the
area 40°N-40°S, 70°E-180°is presented. The circulation exhibited features typical
of a quiescent phase of the Southern Oscillation: no major widespread anomalies
were noted.

Subtropical ridges in both hemispheres were near their normal positions and
strength, the northwest Pacific ridge being slightly stronger than normal. In the
northwest Pacific the monsoon was slightly enhanced and tropical cyclone activity
was a little above normal, particularly in the latter half of the season. The south
Asian monsoon was near normal development, with no consistent broadscale

anomaly patterns.

Introduction

This summary discusses the broadscale circu-
lation during the period May to October 1990
in the area of ssynoptic analysis responsibility
of Darwin Regional/Specialised Meteorological
Centre (RSMC), that is, between 40°N and 40°S,
70°E and 180°, focussing on tropical aspects. Pre-
vious summaries in this series have described the
broad climatological features (e.g., Kingston et al.
1987). Others have dwelt at length on specific fea-
tures of the season (e.g., Bate et al. 1989). The
shorter format of the present summary is based on
that of the monthly Darwin Tropical Diagnostic
Statement (DTDS — see Appendix).

Data sources

All data sources used are listed in the Appendix,
and are referred to in the text where appropriate.
Seasonal mean charts, from the Tropical Analysis
Scheme (TAS) of Davidson and McAvaney
(1981), were averaged over the six months; clima-
tology, from which anomalies are taken, is over
six years (Lavery et al. 1991). Sea-surface tem-
perature (SST) anomalies were calculated from
the climatology of Reynolds (1983).
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Broadscale seasonal features

Southern Oscillation

Figure 1 shows the ten-year behaviour of Troup’s
Southern Oscillation Index (SOIl) and its five-
month running mean.

* After the 1988-89 cold ENSO event (e.g., Keith
et al. 1991; Bate 1991), the SOI became negative,
remaining so from November 1989 to April 1990.
It rose abruptly to a peak of + 14 in May 1990,
then fluctuated near zero for the rest of the period,
implying a Walker Circulation that was near
average intensity.

Sea-surface temperature (SST)

Six-month SST and anomaly fields are presented
in Fig. 2. A moderate warm anomaly field charac-
terised much of the domain for the entire season; a
cooler than average pool affected the northwest
Pacific southeast of Japan.

Inspection of three-monthly mean patterns
May-June-July (MJJ) and August-September—
October (ASO) (not shown) reveals that there was
relative cooling in the latter half of the season over
a large part of the southern hemisphere sector.
Anomalies in much of the southern subtropics
were small during ASO. . .

Mean sea level pressure
Figure 3 shows mean sea level pressure (MSLP)
averaged over the six months, together with
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Fig. 1 Ten-year SOI: (a) monthly values to October
1990; (b) five-month running mean to August
1990.
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Fig. 2 Six-month SST (°C) May to October 1990: (a)
mean; (b) anomaly.
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anomalies. The raw anomaly pattern obtained

from TAS was subjectively modified by station -~ °

data obtained from monthly station summaries
(WMO CLIMAT messages); these data were used
only from stations from which reports were re-
ceived for each of the six months. Due to the very
coarse topography discrimination in TAS, station
data were preferred where available. In general,
these data miade little difference to the raw TAS
anomaly pattern. The only area of significant
difference was within about 20°-30°N, and
80°-110°E, an area of strong topographical con-
trasts, where TAS indicated a region of generally
weak positive anomaly (< +1 hPa).

Pressures were generally close to the long-term
means, consistent with a near-zero SOI. In both
hemispheres, subtropical ridges were close to their
climatological positions. The northwest Pacific
subtropical ridge was a little stronger than normal:
the raw TAS anomaly field indicated a maximum
positive anomaly in this region of 1.24 hPa. The
monsoon trough east of 100°E was slightly deeper
than normal. Inspection of individual monthly
analyses in DTDS shows that this was the case for
much of the season, though the trough was weaker
than average in October. The small area of high
pressure near 3°N 165°E and, possibly, the low
near 5°N 175°E (Fig. 3(a)), are believed to be
spurious — caused by consistent observational
error at a small number of stations.

Tropospheric flow

Figures 4 and 5 respectively show streamline/
isotach analyses of the mean seasonal flow and
anomalies at gradient level (950 hPa) and 200 hPa
for the six months. Although it is customary to
depict anomalies in the form of grid-point vector
plots, programming difficulties precluded this in
the present case. For this reason, respective clima-
tological fields have been included as Figs 4(a)
and 5(a), to aid interpretation. All anomalies at
950 hPa were less than 5 m s~} and at 200 hPa,
less than 10 m s~ !. An equatorial cross-section of
mean meridional wind, together with anomalies
from climatology, is shown at Fig. 6.

The flow at 950 hPa shows similar features to
those of the MSLP fields. Of note in the northwest
Pacific is the slightly enhanced development of
both the monsoon trough and the subtropical
ridge;” giving above average easterlies between
them. The monsoon over India and the Bay of
Bengal was near normal development, though
cross-equatorial flow from the south Indian
Ocean was a little below average for the six
months. Southwesterly monsoonal flow over
Indo-China and the Malay Peninsula was some-
what weaker than average. Except over the eastern
Indian Ocean adjacent to Western Australia, the
southern hemisphere subtropical ridge was gener-
ally slightly below normal development, leading
to below average trade wind easterlies.
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Fig.3 Six-month MSL pressure (hPa) May to October
1990: (a) mean; (b) anomaly.
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Fig. 4 Six-month May to October 950 hPa flow: (a)
climatology; (b) 1990 mean; (c) 1990 anomaly.
Isotachs dashed; interval Sms™!.
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Consistent with the low-level situation, the
200 hPa charts show enhanced cross-equatorial
east-northeasterly outflow from the western north
Pacific ridge, implying a well-developed Hadley
cell. The northwest Pacific tropical upper tropo-
spheric trough was strongly in evidence, aiding
enhanced westerly outflow on the north side of the
ridge. Although there was anomalously strong
easterly outflow from the ridge over northeastern
India, the cross-equatorial component of the out-
flow from the ridge at these longitudes was below
normal except to the west of 75°E.

In the eastern south Indian Ocean, there is evi-
dence of a mean seasonal trough, consistent with
the observations of Gaffney (1991a, 1991b) of a
weak trough at 300 hPa south of Western Aus-
tralia in June-July~August (JJA) and a stronger
one in the eastern Indian Ocean in September—
October—-November (SON). Together with this
trough, enhanced monsoonal outflow evidently
contributed to an above average subtropical jet-
stream over Australia and the southwest Pacific.
The northern hemisphere jetstream was generally
weaker than the climatological mean.
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Fig. 5 Six-month May te October 200 hPa flow: (a)
climatology; (b) 1990 mean; (c) 1990 anomaly.
Isotachs dashed; interval 20 ms™!; lowest
10ms™!,

(€)]

40N

20N

EQ 4

208

408

)

40N

302
I T10SmS
ﬁ
20N 4= ——
‘0
—
EQ--/
- °/
@ =
Pyt 10252 ‘j“—‘""’:
208 s I ) ===30 —T

408
80E 100E 120E 140E 160E 180

(©)

20N

208

40S
80E 100E 120E 140E 160E 130

The equatorial cross-sections of meridional
wind and anomaly (Fig. 6) illustrate the operation
of the monsoon Hadley cell. High-level northerly
cross-equatorial components were stronger than
average at most middle and eastern longitudes,
and slightly below average over the Indian Ocean

Fig.6 Equatorial cross-section of six-month meridional
wind, May to October 1990: (a) mean; (b)
anomaly. Isotach interval 2.5 m s™!; negative
(northerly) dashed.
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east of 75°E. Low-level southerlies were below
average over the Indian Ocean, as already noted.
Further east, weak southerly anomalies predomi-
nated, indicating slight enhancement of cross-
equatorial flow into the monsoon system from the
southern hemisphere.

Broadscale vertical motion and convection

Figures 7(a) and (b) show velocity potential aver-
aged over the six months at 950 hPa and 200 hPa
respectively. Note that a zero boundary condition
is applied at the edges of the analysis domain.
From Fig. 7(a), maximum low-level convergence
is diagnosed in the region extending from the
eastern South China Sea, across the Philippines,
and east-southeast to the region of convergent
easterlies east of 140°E. Another axis is evident
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Fig. 7 Six-month mean velocity potential, May to Oct-
ober 1990: (a) 950 hPa; contour interval 40 X
104 m? s~ !; negative dashed; (b) 200 hPa; contour
interval 7 X 10° m? s~!; negative dashed.
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over Indo-China, the Bay of Bengal and India.
These features correspond closely to the axis of
the monsoon trough (Figs 3(a), 4(b)). Maximum
divergence at 200 hPa (Fig. 7(b)) is analysed south
of this, implying strongest tropical uplift on the
equatorward side of the monsoon trough. How-
ever, significant uplift was also evident in the
tropical southern hemisphere in the Indian Ocean
and near the South Pacific convergence zone.

Comparison with climatological charts (not
shown) reveals slightly above average 950 hPa
convergence and 200 hPa divergence in the
tropical northwest Pacific, implying stronger
than normal up-motion. This was also the case
over the Coral Sea off the northeast Australian
coast and about the southeast of the Indonesian
archipelago.

Time-longitude series of 200 hPa velocity
potential are shown in Fig. 8. There were five
major pulses evident on the northern series be-
tween mid-May and early October, with a further

Fig.8 Time-longitude section of five-day running mean
200 hPa velocity potential, 1990. Contour in-
terval 40 X 105 m? s~} (< —110 stippled); day
150 = 30 May. (a) 5°N-15°N: black circles show
tropical cyclone genesis events (one-minute mean
wind =18 ms™'); (b) 5°S-15°S.
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pulse getting under way at the end of October.
These imply a mean frequency of 40 to 45 days..
However, there is also strong evidence of higher
frequency oscillations, which-make the southem-
series especially noisy.

Figure 9 shows time-longitude series of out-
going long wave radiation (OLR — used as a
proxy for convection) averaged over three latitude
bands. Unfortunately, some days of data were lost
in both July and August. Linkage with broadscale
synoptic conditions is best seen in the northern
series, which is well coupled with the correspond-
ing velocity potential series. While the overall
pattern suggests eastward propagation, there are
many instances where westward motion of
smaller elements 1is evident, reflecting the
movement of individual tropical cyclones or
depressions in most cases.

The equatorial series displays a strong phase
relationship with the northern series. This re-
lationship, though weaker, is still discernible in
the south, especially at Indian Ocean longitudes.
Note though that both the equatorial and
southern series display a much reduced tendency
toward westward movement of systems. In the
south the main activity was over the oceans to
the west and east of Australia, coinciding with the
main areas of diagnosed up-motion. High OLR
values at central longitudes reflect the seasonal
warming of land masses under conditions of
minimal dry season cloud cover.
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Fig. 9 Time-longitude section of five-day running mean OLR (W m™32), 1990: (a) 5°N-15°N; (b) 5°N-5°S; (c) 5°S-15°S.
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Tropical cyclones
During May to October 1990, 24 tropical cyclones Fig. 10 Tropical cyclone tracks, May to October 1990:

(TCs) (defined as having maximum ten-minute (). MJJ, northwest Pacific and Indian Ocean;
mean winds of at least 17 ms™' or named sys- (b) ASO, northwest Pacific. Dashed line =
tems) were analysed by Darwin RSMC, all in the tropical cyclone/storm; firm line = typhoon.

northern hemisphere. Operational tracks from Circles show dafly positions at 0000 UTC.

DTDS are shown in Fig. 10. Table 1 lists the
occurrence dates of each system in the RSMC area

of responsibility (AOR), and also gives maximum (@) & sTeve
wind and minimum pressure information, from ﬁ;{}i/
Rudolph and Guard (1991). A factor of 0.88 was o] orEuA.

used to convert maximum winds from the US Tasuay § | smARIAN
one-minute mean convention to the Australian NATHAN o.., o

ten-minute mean. Even though their maximum ™ o2p

ten-minute mean winds were below the TC N

threshold, Ira and Jeana are included as they were N .

classified as tropical storms and named by the O

relevant operational authorities. Table 2 shows i %\ /EM 4

1959-1989 monthly mean occurrences of TCs in ME e W W mE DNE ME e

the northwest Pacific, from Plante and Guard

(1990). The small discrepancies in the six-month

totals of 1959-89 means arise from rounding (b) «»
errors. No comparative figures are available for

the northeastern Indian Ocean.
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The seasonal occurrences of both TCs and 7
typhoons in the northwest Pacific basin were .
slightly above their respective long-term means. e § 0
Monthly occurrences of TCs were within one of e AKA e
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Table 1. Tropical cyclones within the Darwin RSMC area May to October 1990. (T)=typhoon; (ST) = super-

typhoon.
Maximum Minimum
, Dates (UTC) at TC intensity 10-min
TC name in Darwin RSMC AOR mean wind MSLP
i (hPa)
(ms™!)
Northwest Pacific/South China Sea
Marian (T) |5 May - 19 May 41 954
Nathan 16 Jun - 18 Jun 25 984
Ofelia (T) 18 Jun - 24 Jun 41 954
Percy (T) 22 Jun - 30 Jun 52 927
Robyn 6 Jul - 11 Jul 20 991
Steve (T) 26 Jul - 2 Aug 52 927
Tasha 28 Jul - 31 Jul 25 984
Vernon (T) 29 Jul - 8 Aug 43 948
Winona (T) 7 Aug - 10 Aug 29 976
* Aka 14 Aug - 15 Aug 20 991
Yancy (T) 14 Aug - 22 Aug 41 954
Zola (T) 18 Aug ~ 22 Aug 435 944
Abe (T) 25 Aug - 1 Sep 41 954 -
Becky (T) 25 Aug - 29 Aug 32 972
Cecil 4 Sep - 4 Sep 20 991
Dot (T) 4 Sep - 9 Sep 36 963
Ed (T) 12 Sep - 20 Sep 41 : 954
Flo (ST) 13 Sep - 20 Sep 66 891
Gene (T) 24 Sep - 30 Sep 36 963
Hattie (T) 1 Oct - 8 Oct 41 954
# Ira 30ct- 3O0ct .16 997
Jeana 13 Oct — 15 Oct 16 997
Kyle (T) 16 Oct — 22 Oct . 41 954
Lola 17 Oct - 18 Oct 18 994
Bay of Bengal/N Indian Ocean
02B 5 May - 10 May 57 916

* Crossed into Darwin RSMC area from east of the dateline as a minimal tropical storm.
# Ira was ranked as a minimal tropical storm by Darwin RSMC, while Jeana was analysed only as a tropical
depression.

Table 2. Unofficial northwest Pacific tropical cyclone occurrences during May to October 1990, compared with long-
term averages from Plante and Guard (1990). Occurrences are counted in the month during which tropical
cyclone or typhoon status was first attained.

May Jun Jul Aug - Sep Oct six-month
All TC
1990 1 3 4 6 5 5 24
1959-89 mean 1.0 1.8 4.1 5.3 5.0 4.1 21.4
Typhoons
1990 | 2 2 5 4 2 16
1959-89 mean 0.7 1.0 2.7 3.2 3.2 3.1 - 140

months. This is also the case climatologically,

although nine of the eleven TCs in these months
in 1990 developed into typhoons, greater than the
mean of 6.4. Note that up-motion was diagnosed
in the previous section as being a little above aver-
age in the northwest Pacific. The majority of the
TCs exhibited a west to northwestward trend in
movement, and most subsequently recurved; this
is consistent with a strongly developed northwest
Pacific subtropical ridge.

TC genesis events from Table | are plotted on
the time series of 200 hPa velocity potential in
the latitude band 5°-15°N at Fig. 8(a). Geneses

showed a strong correspondence with the active
phase of the intraseasonal Madden-Julian oscil-
lations, with almost all occurrences in periods
of strong broadscale upper divergence, when
200 hPa velocity potential was less than
—70X 10°m?s~ !, During the latter half of
August, much of September, and early October,
there was a particularly prolonged active period,
with four separate peaks in the magnitude of the
velocity potential series. This produced 14 genesis
events in a 65-day period, beginning 14 August;
ten of the systems intensified to typhoons.






